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In the title hydrated molecular salt, C 18 H 2 3N 2 + -- 
C 6 H 4 C10 3 S~H 2 0, which shows moderate biological activity 
against methicillin-resistant Staphylococcus aureus (MRS A), 
one ethyl group of the 2-[4-(diethylamino)styryl]-l-methyl- 
pyridinium cation is disordered over two orientations in a 
0.604 (13):0.396 (13) ratio. The main part of the cation is 
nearly planar with a dihedral angle of 4.50 (10)° between the 
pyridinium and benzene rings. In the crystal, the components 
are linked by O— H- ■ O hydrogen bonds and C— H- ■ O weak 
interactions. Aromatic jt-tc stacking interactions with 
centroid-centroid separations of 3.7363 (12) and 
3.7490 (13) A also occur. 

Related literature 

For background to and the application of quarternary 
ammonium compounds as disinfectants, see: Brown & Skurray 
(2001); Chanawanno, Chantrapromma, Anantapong, 
Kanjana-Opas & Fun (2010); Domagk (1935); Endo et al. 
(1987); Fun et al. (2011); Wainwright & Kristiansen (2003). For 
a related structure, see: Fun et al. (2011); Kaewmanee et al. 
(2010). For the synthesis, see: Chanawanno, Chantrapromma, 
Anantapong & Kanjana-Opas (2010). For reference bond 
lengths, see: Allen et al. (1987). 




Experimental 

Crystal data 

C 18 H 23 N 2 + .C 6 H 4 C10 3 S--H 2 0 

M r = 477.00 

Triclinic, PI 

a = 7.2511 (3) A 

b = 10.2272 (4) A 

c = 16.7169 (7) A 

a = 88.441 (3)° 

P = 80.057 (2)° 

Data collection 

Bruker APEX Duo CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.866, r m „ = 0.990 

Refinement 

R[F 2 > 2a(F 2 )} = 0.044 

wR(F 2 ) = 0.118 

S = 1.04 

4617 reflections 

320 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 77.062 (2)° 
V= 1190.00 (8) A 3 
Z = 2 

Mo Ka radiation 
li = 0.28 mm -1 
T = 100 K 

0.53 x 0.25 x 0.04 mm 



15554 measured reflections 
4617 independent reflections 
3369 reflections with I > 2cr(/) 
R inl = 0.031 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.23 e A~ 3 

ApmM = -0.32 e A~ 3 



D-H-A 


D-H 


YL-A 


D--A 


D-H-A 


01W-H2W1- ■ Ol 


0.81 (3) 


1.98 (3) 


2.783 (3) 


174 (3) 


OlW-Him- ■ 02' 


0.87 (3) 


2.13 (4) 


2.977 (3) 


166 (3) 


Cl-HIA- ■ 02 a 


0.93 


2.52 


3.374 (3) 


153 


C4-H4A- ■ OlW" 1 


0.93 


2.43 


3.316 (3) 


158 


C13-H13/1- ■ 03 


0.93 


2.59 


3.495 (3) 


164 


C18-H18/1- ■ 02 lv 


0.96 


2.49 


3.426 (3) 


166 


C18-H18C- ■ 03 


0.96 


2.57 


3.202 (3) 


123 


Symmetry codes: (i) — x - 


h 1, -v + 2, -z; 


(ii) -x + 2. 


— y+ 1, — z; (iii) x, y — 1, z; (iv) 



x + 1, y. z. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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(E)-2- [4-(Diethylamino)styryl] - 1-methylpyridinium 4-chlorobenzenesulfonate monohydrate 
H.-K. Fun, N. Kaewmanee, K. Chanawanno, C. Karalai and S. Chantrapromma 

Comment 

As disinfectants, quaternary ammonium compounds (QACs) have been used for hygienic care in both medical and domestic 
purposes due to their low toxicity and wide-ranging antimicrobial properties for a long time (Domagk, 1935). However, the 
long-term use of any disinfectants will lead to the resistance phenomena of some bacterial strains that makes these disinfect- 
ants to become unpractical for real life usage. The appearance of resistant microganisms against QACs, especially Methicil- 
lin-resistant Staphylococcus aureus (MRSA), made the common QACs such as benzalkonium chloride and cetylpridinium 
chloride to be inadequate for MRSA treatment (Wainwright & Kristiansen, 2003; Brown & Skurray, 2001). Therefore, we 
decided to develop the novel pyridinium QACs which were expected to overcome this Staphylococcus-resistant phenomen- 
on by modifying the QACs structures and to study their anti-MRSA activity. Among various chromophores employed in 
the research for chemotherapeutic drug design, tertiary amine seems to be an interesting group to be introduced into the 
structure (Endo et al, 1987). The title compound (I) was one among many pyridinium QACs synthesized in our laboratory 
(Chanawanno, Chantrapromma, Anantapong, Kanjana-Opas & Fun, 2010) hoping for a new antibacterial drug candidate 
and this compound showed moderate activity against MRSA with the MIC value of 150 mg/ml. Herein its crystal structure 
is reported. 

The asymmetric unit of the title compound (I) (Fig. 1) consists of the CisH23N2 + cation, C6H4CIO3S" anion and one H2O 
molecule. The cation exists in the E configuration with respect to the C6=C7 double bond [1.337 (3) A]. The cation is nearly 
planar with the the dihedral angle between the C1-C5/N1 pyridinium and the C8-C13 benzene rings being 4.50 (10)° and 
the torsion angle C5-C6-C7-C8 = 177.3 (2)°. One ethyl unit of the diethylamino moiety is disordered over two orientations; 
the major component A and the minor component B (Fig. 1), with the refined site-occupancy ratio of 0.604 (13)/0.396 (13). 
The diethylamino moiety is deviated from the attached benzene ring. Its conformation can be indicated by the torsion angles 
C11-N2-C14-C15 = 78.6 (3)°, C11-N2-C16-C17 = -95.0 (4)° for the major component A and 107.1 (5)° for the minor 
component B. The cation and anion are inclined to each other as indicated by the dihedral angles between the pyridinium and 
benzene rings of cation, and the sulfonate substituted benzene ring being 83.96 (10) and 86.97 (11)°, respectively. The bond 
lengths are in normal ranges (Allen et ah, 1987) and comparable with a related structures (Fun et al, 2011; Kaewmanee 
etal, 2010). 

In the crystal packing, the cations, anions and water molecules are linked into a network by O — H..0 hydrogen bonds and 
C — H—O weak interactions (Fig. 2 and Table 1). ji— ji interactions with the centroid distances of Cgi—Cgi" = 3.7363 (12) A 
and Cgi"-Cg2 lv = 3.7490 (13) A were observed; Cgi andCg2 are the centroids ofNl/Cl-C5 andC8-C13 rings, respectively. 

Experimental 

(E)-2-(4-(diethylamino)styryl)- 1-methylpyridinium iodide (compound A, 0.13 g, 0.33 mmol) was prepared by the pre- 
vious method (Kaewmanee et al, 2010) and then was mixed with silver (I) 4-chlorobenzenesulfonate (Chanawanno, 
Chantrapromma, Anantapong & Kanjana-Opas, 2010) (0.10 g, 0.33 mmol) in methanol (100 ml). The mixture immediately 
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yielded a grey precipitate of silver iodide. After stirring the mixture for 30 min, the precipitate of silver iodide was removed 
and the resulting solution was evaporated yielding an orange solid of the title compound. Orange plates of (I) were recrys- 
tallized from methanol by slow evaporation of the solvent at room temperature after a few weeks, Mp. 446-448 K. 

Refinement 

Water H atoms were located in difference maps and refined isotropically. The remaining H atoms were placed in calculated 
positions with d(C— H) = 0.93 A, (7 iso =1.2(7 eq (C) for aromatic and CH and 0.96 A, U iso = 1.5t/ eq (C) for CH 3 atoms. A 
rotating group model was used for the methyl groups. The highest residual electron density peak is located at 0.91 A from 
01 and the deepest hole is located at 0.71 A from SI. 



Figures 




Fig. 1 . The asymmetric unit of (I) showing 40% probability displacement ellipsoids. Open 
bonds show the minor component. 



Fig. 2. The crystal packing of the major component viewed along the b axis. The O- 
hydrogen bonds and weak C — H—O interactions are drawn as dashed lines. 
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(f)-2-[4-(Diethylamino)styryl]-1 -methylpyridinium 4-chlorobenzenesulfonate monohydrate 



Crystal data 

Cl 8 H23N2 + -C6H4C103S~H 2 0 

M,. = 477.00 

Triclinic, PI 

Hall symbol: -P 1 

a = 7.2511 (3) A 

b= 10.2272 (4) A 

c= 16.7169 (7) A 

a = 88.441 (3)° 

(3 = 80.057 (2)° 

y = 77.062 (2)° 

V= 1190.00 (8) A 3 



Z = 2 

F(000) = 504 
D % = 1.331 MgnT 3 
Melting point = 446-448 K 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 4617 reflections 
6 = 2.0-26.0° 

H = 0.28 mm -1 

T=296K 

Plate, orange 

0.53 x 0.25 x 0.04 mm 



Data collection 
Bruker APEX Duo CCD 

, . _ 46 1 7 independent reflections 

diflractometer 
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Radiation source: sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.866, r max = 0.990 
15554 measured reflections 



3369 reflections with / > 2o(T) 



: = 26.0°, 9 mm = 2.0° 



h = - 



* = -12-»12 
1 = -20^20 



Refinement 



Refinement on F 
Least-squares matrix: full 



R[F 2 > 2o(F 2 )] = 0.044 



wR(F 2 ) = 0.118 

S= 1.04 

46 1 7 reflections 
320 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F Q 2 ) + (0.0473P) 2 + 0.3949P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Apmax = 0.23 e A~ 3 
Ap m i„ = -0.32eA~ 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Cll 


-0.43901 (10) 


1.01358 (9) 


0.38727 (5) 


0.0885 (3) 


SI 


0.36666 (7) 


0.85852 (5) 


0.16430(4) 


0.04745 (17) 


Ol 


0.4113 (2) 


0.98202 (16) 


0.13126(11) 


0.0731 (5) 


02 


0.3361 (2) 


0.77323 (18) 


0.10248 (11) 


0.0719(5) 


03 


0.4986 (2) 


0.79002 (17) 


0.21510(11) 


0.0669 (5) 


Nl 


1.0111 (2) 


0.50652 (16) 


0.11414 (10) 


0.0417(4) 


N2 


-0.1490 (3) 


0.4451 (2) 


0.37633 (15) 


0.0787 (7) 


CI 


1.1941 (3) 


0.4789 (2) 


0.07236 (13) 


0.0502 (5) 


H1A 


1.2646 


0.5451 


0.0676 


0.060* 


C2 


1.2759 (3) 


0.3571 (2) 


0.03751 (14) 


0.0570 (6) 
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U.J553 yd) 


A 1 A1 O f A\ 

U.3y38 (4) 


A r\/zi 1 ( 1 A\ 

U.U633 (iy) 


A CC\A /1 1 \ 

U.OU4 (13) 


H16A 


A 7 77A 

-0.2270 


0.6490 


0.3529 


A A7/C * 

0.076* 


0.604 (13) 


H16B 


-0.4041 


0.5906 


0.3928 


0.076* 


0.604 (13) 


C17A 


-0.2473 (8) 


0.6301 (8) 


0.4756 (4) 


0.084 (2) 


0.604 (13) 


H17A 


-0.3215 


0.7197 


0.4877 


0.125* 


0.604 (13) 


H17B 


-0.1143 


0.6275 


0.4761 


0.125* 


0.604 (13) 


H17C 


-0.2914 


0.5700 


0.5157 


0.125* 


0.604 (13) 
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CloB 


— U./l 1 / (1 1) 


U.DDiy (1U) 


0.4408 (6) 0.054 (3) 


a i a/; { \ i \ 
U.3V6 (li) 




a i m a 
-U.1U36 


A C 0"7A 


0.4524 


0.065 


* 


a i a/; m\ 
U.3y6 (13) 




— U.Z /6U 


A cno 

u. j/zy 


0.4906 


0.065 


* 


A 1A£ f"\ 1\ 

U.3yo (13) 


C17B 


-0.3475 (16) 


0.6607 (11) 


0.3998 (6) 0.084 (3) 


0.396 (13) 


H17D 


-0.4024 


0.7355 


0.4363 


0.126 


* 


0.396 (13) 


H17E 


-0.4482 


0.6232 


0.3860 


0.126 


* 


0.396 (13) 


H17F 


-0.2772 


0.6904 


0.3513 


0.126 


* 


0.396 (13) 


H2W1 


0.630 (4) 


1.048 (3) 


0.0698 (17) 0.073 (10)* 




H1W1 


0.697 (5) 


1.109 (4) 


0.003 (2) 


0.111 (14)* 




Atomic displacement parameters (A 2 ) 












U n 


U 22 


t/ 33 


U 12 




U 


Cll 


0.0520 (4) 


0.1114 (6) 


0 0905 (51 


-0.0164 (4) 


0.0210 (4) 


n mi/i fA\ 
— U.UZ34 (4) 


SI 


0.0366 (3) 


0.0405 (3) 


0 0620 (41 


-0.0105 (2) 


0.0036 (2) 


— U.UUJU (Z) 


Ol 


0.0612 (11) 


0.0534 (10) 


0 0986 (141 


-0.0201 (8) 


0.0104(10) 


U.U1 / / (9) 


02 


0.0571 (10) 


0.0803 (12) 


0.0747 (11) 


-0.0242 (9) 


0.0155 (9) 


\3.\3dLd ^ iuj 


03 


0.0387 (9) 


0.0646 (11) 


0 0905 (121 


0.0004 (8) 


-0.0082 (8) 


U.UU03 (y ) 


Nl 


0.0351 (9) 


0.0417 (9) 


0 0464 (91 


-0.0070 (7) 


-0.0027 (7) 


U.UU4u (o) 


N2 


0.0593 (13) 


0.0663 (14) 


0 1036 f 181 


-0.0285 (11) 


0.0279 (12) 


U.UZ4o (13) 


CI 


0.0364 (11) 


0.0580 (14) 


0.0547 (13) 


-0.0115 (10) 


-0.0021 (10) 


U.UU IV \ 


C2 


0.0392 (12) 


0.0628 (15) 


0 0600 (141 


-0.0004(11) 


0.0026 (10) 


U.UUj / \ 


C3 


0.0592 (15) 


0.0479 (13) 


0 0583 (141 


0.0043 (12) 


-0.0002 (12) 


U.UUo4 (1 1 ) 


C4 


0.0539 (14) 


0.0397 (12) 


0.0587 (13) 


-0.0075 (10) 


-0.0017 (11) 


U.UUZ3 {\-\J) 


C5 


0.0395 (11) 


0.0400 (11) 


0 0436 (111 


-0.0082 (9) 


-0.0054 (9) 


U.UUUU [y ) 


C6 


0.0431 (12) 


0.0415 (12) 


0 0536 (121 


-0.0091 (10) 


0.0005 (10) 


U.UUjU 


C7 


0.0452 (12) 


0.0420(12) 


0 0539 (131 


-0.0082 (10) 


-0.0037 (10) 


r\ r\f\ n / 1 r\\ 
U.UU1Z {\-\J) 


C8 


0.0431 (12) 


0.0425 (12) 


0 0450 (111 


-0.0137 (9) 


-0.0063 (9) 


r\ r\r\ i /z sq\ 
U.UU 1 0 \y) 


C9 


0.0491 (13) 


0.0403 (12) 


0 0606 (141 


-0.0105 (10) 


-0.0028 (11) 


f\ C\C\AA (\ (\\ 

U.UU44 \ Wj) 


CIO 


0 0504 (131 


0 0477 (131 


0 0600 (141 


-0.0215 (10) 


-0.0023 (11) 


U.UUZj (1 1 ) 


Cll 


0.0462(13) 


0.0554(14) 


0 0549 (131 


-0.0182(11) 


0.0036 (10) 


U.UU4J (1 1 ) 


C12 


0.0531 (13) 


0.0450(13) 


0 0584 (131 


-0.0135 (11) 


0.0026 (11) 


U.UUW \ 


C13 


0.0497 (13) 


0.0445 (12) 


0 0521 (1 21 


-0.0193 (10) 


-0.0041 (10) 


U.UUUv \ Wj) 


C14 


0.0514(14) 


0.0794 (18) 




-0.0292 (13) 


0.0069(13) 


U.UU Id 


C15 


0.094 (2) 


0.103 (2) 


0.0773 (19) 


-0.0458 (19) 


-0.0084 (17) 


U.UU4J {io) 


C18 


0.0492 (13) 


0.0458 (12) 


0.0646 (14) 


-0.0124 (10) 


-0.0019 (11) 


n (in^ (hi 
— U.U13!) (11) 


C19 


0.0433 (12) 


0.0552 (14) 


0.0551 (13) 


-0.0051 (10) 


-0.0108 (10) 


U.UUU4 (11) 


C20 


0.0592 (15) 


0.0694(16) 


0.0466(13) 


-0.0098 (12) 


-0.0026 (11) 


U.UU33 (11) 


C21 


0.0419 (12) 


0.0516 (13) 


0.0603 (14) 


-0.0114 (10) 


0.0056 (11) 


C\ C\ \ C\C\ (111 

— U.U1UU (11) 


C22 


0.0389 (12) 


0.0472 (13) 


0.0642 (15) 


-0.0049 (10) 


-0.0103 (11) 


— U.UUjo (11) 


C23 


0.0425 (12) 


0.0415 (11) 


0.0488 (12) 


-0.0068 (9) 


-0.0085 (10) 


—U.UU 13 (y) 


C24 


0.0375 (11) 


0.0299 (10) 


0.0519(12) 


-0.0098 (8) 


-0.0026 (9) 


-0.0027 (9) 


OIW 


0.0702 (14) 


0.1094(18) 


0.0700 (14) 


-0.0476 (13) 


-0.0091 (11) 


0.0081 (12) 


C16A 


0.042 (3) 


0.073 (5) 


0.070 (4) 


-0.010 (3) 


0.000 (3) 


0.000 (3) 


C17A 


0.077 (4) 


0.090 (5) 


0.076 (4) 


-0.013 (3) 


0.004 (3) 


-0.024 (4) 


C16B 


0.049 (4) 


0.064 (6) 


0.048 (5) 


-0.015 (4) 


0.005 (3) 


0.000 (4) 


C17B 


0.072 (6) 


0.061 (6) 


0.102 (7) 


0.012(5) 


0.001 (5) 


0.003 (5) 
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Geometric parameters (A, °) 



Cll — C21 


1.743 (2) 


SI — 03 


1.4406 (17) 


SI — Ol 


1.4453 (16) 


SI — 02 


1.4466 (17) 


S1—C24 


1.775 (2) 


Nl — CI 


1.361 (3) 


Nl— C5 


1.367 (3) 


Nl — C18 


1 477 (3) 


N2— Cll 


1.367 (3) 


N2 — C14 


1.456 (3) 


N2 — C16B 


1.508 (11) 


N2 — C16A 


1.537 (8) 


CI — C2 


1.354 (3) 


CI — H1A 


0.9300 


C2 — C3 


1.381 (3) 


C2 — H2A 


0.9300 


C3 — C4 


1.370 (3) 


C3 — H3A 


0.9300 


C4 — C5 


1.398 (3) 


C4 — H4A 


0.9300 


C5 — C6 


1.446 (3) 


C6— C7 


1.337 (3) 


C6 — H6A 


0.9300 


C7— C8 


1.448 (3) 


C7 — H7A 


0.9300 


C8— C13 


1.391 (3) 


C8— C9 


1.397 (3) 


C9— CIO 


1.370 (3) 


C9— H9A 


0.9300 


CIO— Cll 


1.402 (3) 


CIO— H10A 


0.9300 


Cll— C12 


1.408 (3) 


C12— C13 


1.372 (3) 


C12— H12A 


0.9300 


03 — SI — Ol 


113.45 (11) 


03 — SI — 02 


113.60 (11) 


01 — si — 02 


112.13 (12) 


03 — SI — C24 


106.07 (10) 


Ol— SI— C24 


105.37 (10) 


02— SI— C24 


105.31 (9) 


CI— Nl— C5 


121.61 (18) 


CI— Nl— C18 


117.11 (18) 


C5— Nl— C18 


121.27 (17) 


Cll— N2— C14 


121.6 (2) 


Cll— N2— C16B 


118.8(3) 


CI 4— N2— C16B 


111.8 (3) 
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C13 — H13A 


0.9300 


C14 — C15 


1.507 (4) 


C14 — H14A 


0.9700 


C14 — H14B 


0.9700 


C15 — H15A 


0.9600 


C15 — H15B 


0.9600 


C15 — H15C 


0.9600 


C18— H18A 


0.9600 


C18 — H18B 


0.9600 


C18 — H18C 


0.9600 


CI 9— C24 


1.372 (3) 


C19 — C20 


1.383 (3) 


C19 — H19A 


0.9300 


C20 — C21 


1.375 (3) 


C20 — H20A 


0.9300 


C21 — C22 


1.363 (3) 


C22 — C23 


1.382 (3) 


C22 — H22A 


0.9300 


C23 — C24 


1.389 (3) 


C23 — H23A 


0.9300 


OIW — H2W1 


0.81 (3) 


OIW — H1W1 


0.86 (4) 


C16A — C17A 


1.490 (11) 


C16A — H16A 


0.9700 


C16A — H16B 


0.9700 


C17A— H17A 


0.9600 


C17A— H17B 


0.9600 


C17A— H17C 


0.9600 


C16B— C17B 


1.531 (15) 


C16B— H16C 


0.9700 


C16B— H16D 


0.9700 


C17B— H17D 


0.9600 


C17B— H17E 


0.9600 


C17B— H17F 


0.9600 


N2 — C14 — H14A 


108.8 


C15 — C14 — H14A 


108.8 


N2 — C14 — H14B 


108.8 


C^\A HI ATI 


1 ns s 


H14A— C14— H14B 


107.7 


C14— C15— H15A 


109.5 


C14— C15— H15B 


109.5 


H15A— CI 5— H15B 


109.5 


C14— C15— H15C 


109.5 


H15A— CI 5— H15C 


109.5 


H15B— CI 5— H15C 


109.5 


Nl— C18— H18A 


109.5 
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CI 1 — JNZ — CloA 


1 in /c /q \ 
IZU.o (3) 


/~i 1 /) Ml PI £ A 

C14 — JNZ — CloA 


in 1 /q \ 

117.1 (3) 


PO pi \ti 

Cz — C 1 — JN 1 


111 c /1\ 

121.3 (2 J 


( pi III A 

CZ — C 1 — H 1 A 


11Q 1 

i iy.3 


Ml pi III \ 

JN 1 — CI — H1A 


1 1 n i 
1 1V.3 


p 1 pi pQ 

CI — Cz — C3 


1 1 O O /1\ 

llo.o (2) 


PI ( I I ") A 

C 1 — CZ — HZ A 


1 on ^ 
IZU.o 


pi p--> TJl A 

C J — Cz — HZ A 


1 in £ 
IZU.O 


P/1 pQ PO 

C4 — C3 — Cz 


i i n n n\ 
llv.v (Z) 


P/1 pi TJ1 A 

C4 — C3 — H3A 


1 on 1 
1ZU.1 


PO pQ TJQ A 

Cz — C 3 — hi 3 A 


1 in 1 
1ZU.1 


pi p /] PC 

C3 — C4 — Cj 


111 T /1\ 

121 .3 (2) 


PI p A II /I A 

C3 — C4 — H4A 


1 1 n i 
1 1V.3 


PC p /] I I 1 A 

Cj — C4 — H4A 


1 1 n i 


Ml PC P /] 

JN 1 — Cj — C4 


1 1 ^ m /1 n\ 
110.V3 (IV) 


Ml PC P" P 

JN 1 — C J — Co 


1 1 n nc c\ o\ 
liy.Uj (lo) 


P/1 pc / -p 

C4 — Cj — Co 


ii/i n /i\ 
1Z4.U (2) 


p-7 pp pc 

C / — Co — C J 


ii/i 1/1 / 1 n\ 
1Z4.14 (iy) 


p-7 p/: i ip a 

C / — Co — 1 loA 


i H Q 

1 1 1 .y 


PC PP I IP A 

Cj — Co — Ho A 


in n 
1 1 i.y 


PP p-7 PO 

Co — C / — to 


1 1*7 /I ^1\ 

1Z / .4 (ZJ 


( 'P p-7 I I "7 A 

Co — C / — rl / A 


1 lo.3 


PQ p-7 TT-7 A 

Co — C / — H / A 


no.3 


p 1 q po pn 
CI 3 — Co — CV 


i 1 /- c*7 /1 n\ 
llo.J / (IV) 


P^ 1 Q PQ p-7 

CI 3 — Co — C / 


1 11 ^1 (\ o\ 

iz3.jz (ivj 


pn po p-7 

C9 — Co — C7 


1 1 n ni f\ n\ 

ny.yz (iy) 


pi n pn PO 

C 1 U — CV — Co 


1 11 c o\ 

122.0 (2) 


p i pi pn i in a 
C 1 U — CV — Hy A 


1 1 O H 

1 lo. / 


po pn l in a 

Co — cy — HvA 


1 1 O *7 

llo. / 


po pin p i i 
CV — C1U — Cll 


111 n /i\ 
1Z1 .U (2) 


p^n p i n m n a 
CV — C 1 U — H 1 UA 


1 1 n c 

i iy. J 


P11 pin tti n a 
CI 1 — C1U — H1UA 


119.5 


mi p 1 i p 1 n 
JNZ — Cll — C1U 


ill n /i\ 

121.9 (2) 


M1 P 1 1 PI 1 

JNZ — Cll — ClZ 


111 <C /1\ 

IZl .0 [2) 


Pin pi i pi i 
C1U — Cll — Clz 


11^/1 /1\ 
1 1 0.4 (2) 


pi i pi i pii 
CI 3 — ClZ — Cll 


111 o /1\ 
IZl .O (2) 


pi i pii H17A 

V 1 J V 1 Z, 1 1 1 


1 1 Q 1 

117.1 


CH — C12 — H12A 


119.1 


C12 — C13 — C8 


121.6 (2) 


C12 — C13 — H13A 


119.2 


C8 — C13 — H13A 


119.2 


N2 — C14 — CI 5 


113.7 (2) 


PC \T1 p 1 PI 

C5 — JN 1 — CI — Cz 


0.5 (3) 


pi n \t 1 p 1 PI 

C18 — N 1 — CI — Cz 


1 -7n c 

—179.5 (2) 


Nl— CI— C2— C3 


0.0 (3) 


CI— C2— C3— C4 


0.2 (4) 


C2— C3— C4— C5 


-0.9 (3) 


CI— Nl— C5— C4 


-1.1 (3) 


CI 8— Nl— C5— C4 


178.96(19) 



Ml p| o ui OD 

JN 1 — Clo — HloB 


1 An £ 
1UV.5 


TU10A PI O TT10T3 

H 1 o A — C 1 o — H 1 oB 


1 nn £ 

iuy.5 


Ml PIO III Q p 

JN 1 — Clo — HloC 


1 nn £ 


tti OA pig iii op 

H 1 oA — C 1 o — H 1 oC 


1 no ^ 


1 1 1 on pio ui or 
H 1 oB — C 1 o — H 1 oC 


1 nn £ 

iuy.5 


pi /i pm pin 

cz4 — c i y — C2U 


1 Tn i i"t\ 
IZU.i (2) 


ni pm ii 1 n a 

Cz4 — c i y — h i y a 


1 1 n n 

ny.y 


p 1 r\ pin IJIQ A 

czu — c i y — h i y a 


1 1 Q Q 

ny.y 


pi i pin pin 

cz i — czu — c i y 


i i n 1 fl\ 
liy.l yZ) 


pn pin mn a 
Cz 1 — C2U — HZU A 


1 Tn a 


pin pin t Tin a 
C 1 y — C2U — H2U A 


1 *">n a 
lz0.4 


pii pii pin 
C22 — C2 1 — C2U 


121.5 (2) 


pii pii pi 1 
CzZ — Cz 1 — CI 1 


1 1 n m o\ 
liy.Uz (16) 


Pin rn pi i 
CzU — Cz 1 — CI 1 


1 1 n a t~ /1 n\ 

ny.46 (iy) 


pi 1 PII P1Q 

Cz 1 — CzZ — Cz3 


i i n i 
liy.3 (2) 


pi 1 PII nil A 

Cz 1 — CzZ — HZZ A 


1 Tn a 
lzU.4 


P11 PII IJ11 A 

C23 — CzZ — HZZA 


1 Tn a 


PII P1Q PI/1 

CzZ — Cz3 — Cz4 


1 Tn n 
IzU.U (2) 


pii piq irn a 
CzZ — C23 — HZ3A 


1 Tn n 
12U.U 


PO y| PIQ I HI A 

C24 — C23 — HZ3A 


1 Tn n 
IzU.U 


pi n pi/i pn 
C 1 y — Cz4 — Cz3 


1 1 n "71 n\ 

ny./3 (iy) 


Pin pi/i c 1 

ciy — cz4 — bi 


1 on n~7 1 1 /;\ 
IzU.y / (16) 


P11 PI/1 C 1 

C23 — C24 — b 1 


i in to 

ny.zs (16) 


T_J1\171 /^1\17 T_J1\171 

HZW 1 — <J1 W — HI W 1 


1 nc ii \ 
1U5 (i) 


p|7A p|/T A Ml 

CI /A — CloA — JNZ 


i no i /"7\ 
106.1 (/) 


p|7 A p|/r A IJ1/:A 

CI /A — CloA — HloA 


1 1 n 1 
11U.1 


Ml PI/: A ui /; A 

JN Z — C 1 0 A — H 1 0 A 


1 1 n 1 
11U.1 


PITA p|/T A III P ID 

CI /A — CloA — HloB 


1 1 n 1 
11U.1 


Ml P 1 /Z A I I 1 p D 

JNZ — CloA — HloB 


1 1 n 1 
11U.1 


T_J1/:A PUA I I 1 p D 

H 1 oA — C 1 oA — H 1 or> 


1 no a 
1U6.4 


Ml p' 1 p vy p 1 in 
JNZ — ClOD — CI ID 


101.3 (a) 


Ml P 1 p T) U1 P P' 

JN z — C 1 or> — H 1 oC 


111.5 


( • 1 -TD p l p T) I I l p p 

CI Id — CloB — HloC 


iii c 
111.5 


Ml P 1 P I) U1 P T~A 

JN Z — C 1 or> — H 1 oD 


iii c 
111.5 


1 "715 p- 1 P O I I 1 P PA 

CI Id — CloB — HloD 


iii c 
111.5 


I I | / / • p- l p D I I 1 P PA 

H 1 oC — C 1 oB — H 1 oD 


1 nn i 


PI P1 7R T41 IT) 


1 f)Q S 

1 U7.J 


C 1 6B — C 1 7B — H 1 7E 


109.5 


H 1 7D — C 1 7B — H 1 7E 


109.5 


C 1 6B — C 1 7B — H 1 7F 


109.5 


H 1 7D — C 1 7B — H 1 7F 


109.5 


H 1 7E — C 1 7B — H 1 7F 


109.5 


Cll — Clz — Clo — Co 


n a /i\ 

-0.4 (3) 


pn po p i i 

C9 — C8 — C 1 3 — C 1 2 


0.1 (3) 


C7— C8— CI 3— C12 


179.7 (2) 


Cll— N2— C14— C15 


78.6 (3) 


C16B— N2— CI 4— CI 5 


-70.2 (5) 


C16A— N2— CI 4— CI 5 


-111.0(4) 


C24— CI 9— C20— C21 


0.5 (4) 
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P1 "\T1 PC P£ 

CI — JN 1 — C5 — C6 


1 *70 1 O / 1 0\ 

1 /o.Zo (Is) 




pin PTn pti m 
C 1 y — C2U — C2 1 — C22 


-0.7 (4) 


pi o xt i pc p/: 
C 1 6 — JN 1 — C5 — Co 


-1.7 (3) 




pin nn pti pii 
C 1 y — C2U — C2 1 — CI 1 


1 *70 O 1 ( 1 0\ 
1 /O.Ol (15) 


PI P/1 PC \T1 

C3 — C4 C5 — JN 1 


1.3 (3) 




PTn pti pt> ni 
C2U — C2 1 — C22 — C2 3 


A 1 f1\ 

-0.1 (3) 


pi p/1 pc P£ 

C.5 — C4 — C5 — Co 


—1 /o.l (Z J 




pn ni pt> ni 
Cll — C21 — C22 — C23 


1 "7G ^o (\ ~i\ 


\r1 PC P/; P"7 

JN 1 — C5 — Co — C / 


1 "7/1 1 f"l\ 

— 1 /4.3 (Z) 




PT1 PT> ni PI/1 

C2 1 — C22 — C23 — C24 


1.0 (3) 


P/1 PC P£ P"7 

C4 — CD — Co — C / 


5.0 (3) 




pon pin PT/i pii 
C2U — C 1 y — C24 — C2 3 


A A (1\ 

0.4 (3) 


pc p~7 po 
C5 — Co — C / — Co 


1 / 1 .5 (Z J 




P'JA P1Q PT/1 CI 

C2U — C 1 y — C24 — a 1 


1 "7"7 "71 (\ 0\ 


P£ n pq n i 
Co — C / — Co — C 1 j 


-0.7 (4) 




PT> PTl P1Q 

C22 — C23 — C24 — C 1 y 


-1.2 (3) 


p/; p"7 po pn 

Co — c / — co — cy 


1 /o.V (Z) 




PT> ni PI/1 C1 

C22 — C23 — C24 — a 1 


1 "7*7 AA / 1 £\ 
1 / / .UU (1 j) 


P1 1 PO PO Pin 

c i j — co — cy — c i u 


-0.4 (3) 




p.i ci po/i pin 
Uj — a 1 — C24 — c i y 


y.y (2) 


p~7 po pn pin 

c / — cs — cy — C 1 0 


loU.U (Z) 




ai ci PT/i pin 

Ul — al — C24 — ciy 


1 1 n /;n { 1 n\ 

-nu.6y (iy) 


po pn pin P11 

cs — cy — C 1 U — C 1 1 


u.y (4) 




p"> ci n< pin 
U2 — a 1 — C24 — C 1 y 


1 m /;n / 1 n\ 
13U.6U (iy) 


P1/1 TVTT P11 pin 

C14 — JN2 — Cll — CIO 


8.5 (4) 




pi 01 n< pii 
U3 — al — C24 — C23 


1 /;o tc / 1 /:\ 
— 160.25 (16) 


pi/:r> \n pii pin 
C16B — JN2 — Cll — CI (J 


1 C C 1 //I \ 

155.2 (4) 




ai ci p">/i ni 
Ul — al — C24 — C23 


"71 io n o\ 
/1. 18 (lo) 


P1 <c A \n P11 pin 
C16A — JN2 — Cll — C1U 


1 /; 1 c \ 
— 101.5 (3) 




P"> C1 n< PT1 

U2 — a 1 — C24 — C2 3 


/i "7 ci /1 n\ 

-4 /.53 (iy) 


pi/i \n pii pn 
C14 — JN2 — Cll — C12 


1 m c /">\ 
-1 /3.5 (2) 




P 1 1 "\T"> ru A pn t 

Cll — JN2 — C16A — CI /A 


nc n //l \ 
-y5.U (4) 


C16B— N2— Cll— C12 


-26.7 (5) 




C 1 4— N2— C 1 6 A— C 1 7 A 


y4.5 (4) 


C16A— N2— Cll— C12 


16.5 (5) 




C 1 6B— N2— C 1 6A— C 1 7 A 


3.5 (5) 


Cy— CIO— Cll— N2 


177.1 (2) 




Cll— N2— C16B— C17B 


107.1 (5) 


Cy— CIO— Cll— C12 


-1.1 (3) 




C14— N2— C16B— C17B 


-103.1 (5) 


N2— Cll— C12— C13 


-177.3 (2) 




C 1 6 A— N2— C 1 6B— C 1 7B 


3.4 (5) 


CIO — Cll — C12 — C13 


0.8 (3) 








Hydrogen-bond geometry (A, °) 










D—H-A 




D — H 


H-A D-A 


D—H-A 


OIW— H2W1-01 




0.81 (3) 


1.98 (3) 2.783 (3) 


11 A (3) 


OIW— H1W1-02' 




0.87 (3) 


2.13(4) 2.977(3) 


166 (3) 


C2— H2A-02" 




o.y3 


2.52 3.374 (3) 


153 


C4— H4A-01W'" 




o.y3 


2.43 3.316 (3) 


158 


CI 3— H13A-03 




o.y3 


2.5y 3.4y5 (3) 


164 


C18— H18A-02 iv 




o.y6 


2.4y 3.426 (3) 


166 


C18— H18C-03 




o.y6 


2.57 3.202 (3) 


123 



Symmetry codes: (i) -x+1, -j>+2, -z; (ii) -x+2, -y+l, -z; (iii) x, y~\,z; (iv) x+\,y, z. 
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